We analyze an experimental setup in which a quasi-monochromatic spatially coherent beam of light is used to probe a paraxial optical scatterer. We discuss the effect of the spatial coherence of the probe beam on the Mueller matrix representing the scatterer. We show that according to the degree of spatial coherence of the beam, the same scattering system can be represented by different Mueller matrices. This result should serve as a warning for experimentalists.
planes, respectively. Let E j (r 0 , ω), (j = x, y) be a spectral Cartesian components of the electric field at the point Q 0 of coordinates r 0 = (ρ 0 , z 0 ), in the input plane. The Cartesian components of the electric field at the point P 1 of coordinates r 1 = (ρ 1 , z 1 ) in the output plane are then given by:
(i = x, y; j = x, y), where the integration extends over the transverse input-plane coordinates: d 2 ρ 0 = dx 0 dy 0 , and summation on repeated indices is understood. Behind the scatterer, the polarization-analyzer A can select an arbitrary field component E(r 1 , ω) = a x E x (r 1 , ω) + a y E y (r 1 , ω), where a x , a y are complex amplitudes determined by the analyzer setup. Finally, the detector D detects the spectral density S(r 1 , ω) (proportional to the averaged electric field density) of the beam at the point P 1 : S(r 1 , ω) = E(r 1 , ω)E * (r 1 , ω) , where angular brackets denote the average over an ensemble of realizations of the scattered electric field [5] . This expression for S(r 1 , ω) is a particular case of the more general formula S(r, ω) = Tr{W(r, ω)} [6] , where Tr{W(r, ω)} denotes the trace of the 2 × 2 spectral density matrix W(r, ω) ≡ W(r, r, ω) evaluated at the point P (specified by the position vector r), and W(r A , r B , ω) is the crossspectral density matrix of the beam at the pair of points 
where (i = x, y; j = x, y) [7] . We now consider the effects of the propagation through the scattering system on the spectral density matrix W(r, ω) of the beam. From Eqs. (1) and (2) it readily follows that
where summation on repeated indices is understood and 
In order to obtain a formula involving Stokes parameters and Mueller matrices, we multiply both sides of Eq. (3) by the normalized Pauli matrix σ (α) (α = 0, 1, 2, 3) [8] and trace, obtaining
(β = 0, 1, 2, 3), where summation on repeated indices is understood and we have defined the spectral density Stokes parameters [9] of the beam in the output plane as: S α (r 1 , ω) ≡ Tr{σ (α) W(r 1 , ω)}. Moreover, we have introduced the cross-spectral density Mueller matrix
and the cross-spectral density Stokes parameters of the input beam
which reduces to the input spectral density Stokes parameters S β (r (4) shows that unlike the Stokes parameters {S α } in the elementary theory of partial polarization, the spectral density Stokes parameters {S α (r 1 , ω)} at any point P 1 in the output plane are not just a linear combination of the input spectral density Stokes parameters {S α (r 0 , ω)} but they are expressed in terms of the crossspectral density Stokes parameters {J β (r 
† , the cross-spectral density Mueller matrix is not a Mueller-Jones matrix [2] .
So far we have been concerned with a generic spatially coherent light source, without specifying its degree of coherence. We shall now consider with some detail the two opposite limit cases of completely coherent and completely incoherent light. For both cases we consider a uniformly polarized input beam specified by the coordinateand frequency-independent two-dimensional unit vector e = (e x , e y ), such that E i (r 0 , ω) = e i E(r 0 , ω), (i = x, y), where E(r 0 , ω) is a scalar function of the point Q 0 in the input plane. Using this assumption, one readily obtains the following expression for the cross-spectral density matrix of the input beam:
where E kl ≡ e k e * l , and w(r
, ω) is the scalar cross-spectral density function which characterize the second-order coherence properties of the input beam. If we substitute Eq. (7) into Eq. (4) and use Eqs. (5-6) we obtain
where S β ≡ Tr{σ (β) E}, (β = 0, 1, 2, 3), are the input Stokes parameters which are independent from both the input-plane coordinates r 0 and the frequency ω.
In the case of a completely coherent source
where u(r 0 , ω) represents the complex disturbance of the field in the input plane [10] . From Eqs. (8) and (9) readily follows that S α (r 1 , ω) = M (C) αβ (r 1 , ω)S β where the "coherent" Mueller matrix M (C) (r 1 , ω) at the output point P 1 is defined as
where K(r 1 , ω) ≡ d 2 ρ 0 u(r 0 , ω)G(r 1 , r 0 , ω) represents the tensor-valued complex disturbance of the field in the output plane. Eq. (10) shows that in the ideal case of a completely coherent and uniformly polarized probe beam, the Mueller matrix M (C) αβ (r 1 , ω) is a Mueller-Jones matrix [2] representing a non-depolarizing scattering system.
In the case of a completely incoherent source
where w(r 
